Purpose: A type 2 myocardial infarction (MI) is due to ischemia from increased oxygen demand or decreased supply. It is not an infrequent complication following non-cardiac surgery or in the setting of acute medical illness. The purpose of this study was to determine whether type 2 MIs had a worse prognosis than a type 1 MI. Methods: The hospital database of a large tertiary-level academic medical center was queried for all patients with a troponin I ≥ 1.6 ng/mL during a one-year period. The outcomes of patients with a type 2 MI were compared to those with a type 1 MI. Results: This retrospective study found that a type 2 MI is more lethal than the usual type 1 MI, particularly among women and the elderly. There was no statistical difference in outcomes between those that occurred in the post-operative setting compared to those that occurred in the setting of acute medical illness. Conclusions: Type 2 MIs are common and are associated with increased mortality, as compared with type 1 MIs. To date, no guidelines exist for the management of this type of MI. Further research into underlying mechanisms resulting in type 2 MI as well as potential treatment strategies is needed.
INTRODUCTION
Myocardial infarction (MI) is a major cause of death and disability worldwide. Cardiac troponin, a regulatory protein of the thin filament (actin) of cardiac muscle, is the standard biomarker for the diagnosis of acute MI [1] . Cardiac troponin (I or T) has near absolute specificity for myocardial tissue and high clinical sensitivity [2] . An increased value is defined as a measurement exceeding the 99th percentile of a normal reference population. Although elevation of troponin I or T reflects myocardial necrosis, it does not indicate its mechanism.
Improvements in the diagnosis of MI led the World Health Organization to update the universal definition of MI. Currently there are five clinical classifications of MI as described by the Joint European Society of Cardiology (ESC)/American College of Cardiology (ACC)/American Heart Association (AHA)/World Heart Federation (WHF) Task Force for the Redefinition of Myocardial Infarction [3] :
Type 1 Spontaneous MI due to a primary cardiac event (e.g. plaque rupture); Type 2 MI due to ischemia from increased oxygen demand or decreased supply; Type 3 Sudden unexplained cardiac death; Type 4a MI associated with percutaneous coronary intervention (PCI);
Type 4b MI associated with stent thrombosis; Type 5 MI associated with coronary artery bypass grafting (CABG);
Early measurement of troponin in blood samples leads to early recognition of myocardial necrosis. In patients with type I myocardial infarction, prompt recognition and treatment have led to improvement in morbidity and mortality. Type 1 MI is usually due to a spontaneous plaque rupture, although other rare causes exist (e.g., spontaneous coronary artery dissection or embolization of an epicardial vessel). Evidence-based treatment guidelines for type 1 myocardial infarction (both ST segment elevation and non-ST segment elevation) are available and updated periodically [4, 5] .
Alternatively, type 2 MI occurs from ischemia due to either increased oxygen demand or decreased supply (e.g., anemia, hypotension, tachycardia). The exact mechanism resulting in type 2 MI is unknown. Increased troponin levels in type 2 MI are usually seen in the setting of severe medical illness (i.e., sepsis) or following non-cardiac surgery. Troponin elevations in both settings (medical illness and peri-operative period) are associated with increased morbidity and mortality. To date, no guidelines for the treatment of type 2 myocardial infarction exist. In order to determine the significance of type 2 MI, we compared the mortality of all individuals with a troponin I ≥ 1.6 ng/ml during a 12-month period at a large academic medical center. 
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METHODS

Study Population
Following approval of the Wake Forest Baptist Medical Center Institutional Review Board, we examined the charts of all patients ages 18 years and older with a troponin I ≥ 1.6 ng/ml hospitalized at an academic tertiary level medical center over a one-year period (January 1, 2009 to December 31, 2009). All cardiac troponin I assays were performed using fresh plasma within one hour following blood collection by standard venipuncture. All samples were analyzed on an Access Analyzer (Beckman Instruments, Beckman Coulter, Fullerton, CA, USA). At that time, laboratory values ≥ 1.6 ng/ml were considered abnormal. There were 1,012 medical records reviewed for which 807 individuals were included in the final analysis. Exclusion criteria were troponin elevations due to the following: sudden cardiac death, cardiac biomarker elevation following percutaneous intervention (PCI), stent thrombosis, post coronary artery bypass grafting or other cardiac surgery, chest trauma, treatment with chemotherapeutic drugs, myocarditis and Takotsubo's cardiomyopathy.
Statistical Analysis
Frequencies and percentages were calculated for categorical variables, and significance was assessed using chi-square tests. Means and standard deviations were calculated for age, and t test was used to assess signifycance. All analyses were performed using SAS 9.2 (Cary, NC).
RESULTS
We identified 807 individuals with a diagnosis of myocardial infarction over a one-year period ( Table  2) , and 82 (27.8%) occurred following non-cardiac surgery ( Table 3) . None of the ST-segment elevation MIs occurred in the postoperative setting or during an acute medical illness.
Descriptive Statistics
A greater number of men than women presented with myocardial infarction (529 men versus 278 women) (Table 4). There were also more Caucasians than African Americans (687 Caucasians versus 100 African Americans) and other populations ( Table 4 ). The mean age for patients with ST-segment elevation MI was 62.4 (SD 13.8), non-ST-segment elevation MI was 64.1 and type 2 MI was 67.2 years. Of those who died, the mean age was 70.4 years, and of those who survived, the mean age was 63.8 years. 
Mortality
Patients with type 2 MIs were 6.9 times more likely to die than those with type 1 MIs (p < 0.001 Gender was significantly associated with mortality (p = 0.002). Mortality rate in females was 1.9 times higher than that of males (95%, CI 1.25 -2.81). However, the relationship between race and mortality was not significant (p = 0.15).
DISCUSSION
We evaluated the frequency and consequences of both type 1 and 2 MIs over a one-year period and found that type 2 MIs are not infrequent and are associated with a higher mortality than type 1 MIs. In our series, patients with a type 2 MI were 6.9 times more likely to die than those with type 1 MI. The mortality among those patients with type 2 MI occurring during an acute medical illness was not significantly different from those occurring following non-cardiac surgery.
We found that more men and Caucasians suffered from type 1 [ST-segment elevation myocardial infarction (STEMI) and non-STEMI] as well as type 2 MI. The question of whether this finding reflects selection bias was not addressed in this study. The excess mortality observed in women, compared with men, in our study is consistent.
Type 2 MIs are due to myocardial oxygen supply demand imbalance. Ischemia occurs in patients with coronary artery disease during increased oxygen demand when inadequate flow increase occurs despite maximal vasodilatation of the coronary microvasculature. The most common cause of postoperative oxygen supply demand imbalance is tachycardia [6] . Studies have shown that heart rates >80 or 90 bpm in patients with significant coronary artery disease whose preoperative resting heart rate is 50 to 60 bpm can lead to prolonged ischemia and eventual infarction. Evidence for myocardial protection against perioperative myocardial ischemia by acute beta blockade was observed in a number of small studies [7, 8] . Subsequent meta-analyses demonstrated conflicting results, suggesting either a reduction or no difference in cardiovascular events. For this reason, the American College of Cardiology/American Heart Association (ACC/ AHA) 2007 guidelines had administration of perioperative beta blockers as only a Class IIa recommend-dation [9] . Since that time, the largest randomized control trial investigating the effects of perioperative beta blockade, the Peri-Operative Ischemic Evaluation (POISE) Trial, found that beta blockade decreased the incidence of MI, but increased the incidence of death and stroke [10] .
Other hemodynamic abnormalities associated with type 2 MIs include hypotension (associated with hypovolemia, anemia and systemic vasodilatation) and hypertension (associated with elevated stress hormones and vasoconstriction). Furthermore, in the setting of aggressive volume resuscitation, patients with underlying systolic and diastolic dysfunction may develop cardiac decompensation and type 2 MIs. However, hemodynamic instability and aggressive volume resuscitation were not reliable predictors of type 2 MI in our series, leading to speculation that there could be other contributing mechanisms.
One small series demonstrated no coronary artery disease in 10 of 17 troponin-positive septic patients, in support of the hypothesis that other mechanisms may be responsible for the observed myocardial injury [11] . Both tumor necrosis factor alpha (TNF) and interleukin-1 (IL-1) released in acute illness are known myocardial depressants [12] , thus potentially resulting in the release of troponin. Microvascular dysfunction is well described in both sepsis and septic shock. Inflammatory mediators likely play a significant role in this setting by increasing the permeability of the endothelial monolayer for macromolecules resulting in troponin leakage [11] .
Our study only addressed survival of acute hospitalization-not long-term mortality. Another series has demonstrated that post-operative MIs affect long-term survival [13] . One limitation of our retrospective study is that many patients with perioperative MIs do not experience symptoms of ischemia [14] . A prospective trial of all post-operative patients and acutely ill patients measuring cardiac biomarkers would address this question.
CONCLUSION
Type 2 MIs are common in the setting of acute medical illness and following non-cardiac surgery, a frequent diagnosis now that highly-sensitive troponin assays are available. However, the exact mechanism of troponin elevation in this setting remains elusive. Studies have shown that even low-level elevations are prognostically significant. Our series demonstrated a significantly higher mortality in patients with type 2 MI as compared to those with type 1 MI. Evidence-based guidelines for the treatment of type 1 MIs have likely led to marked improvement in survival. To date, however, no such guidelines exist for the treatment of type 2 MIs. Treatment strategies directed at potential underlying pathophysiology should be further investigated.
